Theoretical and experimental researches have showed that electro-viscosity induced by electric double layer influences apparently on thin film lubrication. In order to consider the influence of electric double layer, in the present paper, experiments are carried out on a self-made oil lubrication tester with a composite sliding block and with adding an external electric field to reconstruct electric double layer. The results show that electric double layer has an apparent effect on friction coefficient. To ensure the results, further experiments are carried out with additives' being added to change the ionic concentration of lubricants. The results indicate that electric double layer has more apparent effect on friction coefficient in thin film lubrication.
INTRODUCTION
Theoretical researches have shown that electro-viscosity, induced by electric double layer near the interface of solid and liquid significantly influences the performances of thin film lubrication [1] . It will make film thickness thicken and friction coefficient increase, but has little effect on pressure distribution [2] . Most experiments of electro-viscous effect were carried out in aqueous lubrication [3] . However, oil, the most important lubricant, is used in most practical situations. Therefore, it is necessary to carry out more experiments of electro-viscous effect in oil lubrication.
In the present paper, experiments are carried out on a selfmade tester in oil lubrication. With a composite block and a sliding disk, influence of electric double layer on thin film lubrication is studied. Two different methods are used to reconstruct the field of electric double layer so as to change the effect of electric double layer. One is to apply an external electric field on friction pair, and the other is to change ionic concentration of lubricants by adding oleic acid. Friction coefficient and streaming potential are measured during testing.
Through the experiments, it can be found that electric double layer has an obvious influence on the performances of thin film lubrication under the conditions of thin film lubrication.
EXPERIMENTS
Experiments are carried out on a self-made tester with a composite sliding block, shown in Fig.1 . The dimensions of the parameters of the composite sliding block are as follows: B 1 =5 mm; B 2 =10 mm; b=15 mm In testing, 32 # mechanical oil, whose viscosity is 0.032 Pa⋅s, is used as the base oil and oleic acid is used as additive.
RESULTS AND DISCUSSIONS
In Fig.2 , the changes of friction coefficient are shown with an electric field being added on block at the rolling speed of 0.15m/s and the load of 770mN. It can be seen that the minimum of friction coefficient obviously increases more than 30% when an external electric field is applied between the friction pair. The friction force reaches the minimum when the voltage comes to the maximum. Because the resistance of lubrication film reaches its maximum value, it can be proved that the film thickness is the largest at this point. Then the friction force rapidly drops to the initial level when external electric field is removed.
In Fig.3 , increase of friction coefficient continuously increases with voltage when the block is positive. However, when the block is negative, it firstly rises to the maximum, then decreases. September 12-16, 2005, Washington, D.C., USA 
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Copyright © #### by ASME In Fig.4 the relationship between friction coefficient and velocity u at the condition of three different concentrations of oleic acid is shown. The data can be divided into four parts based on the change of friction coefficient.
Part I: u=0~0.15m/s (boundary lubrication) Friction coefficient increases with velocity. Because velocity and load are very low, there is an intact absorbed film on the surface of friction pair, which is benefit for lubrication performance. It is obviously proved that the system is at the condition of boundary lubrication.
Part II: u=0.15~0.2m/s (mixed lubrication) The greater the velocity is, the thicker the film is, causing reduction of friction coefficient. Therefore, partial hydrodynamic lubrication film is formed with increase of velocity.
Part III: u=0.2~0.25m/s (thin film lubrication) Friction coefficient reaches the minimum, which indicates that the system is at the condition of thin film lubrication according to the Stribeck curve.
Part IV: u≥0.25m/s (hydrodynamic lubrication) Friction coefficient and thickness of film increase with velocity.
In the above four parts, it can also be found that the differences of friction coefficient among the three different concentrations of oleic acid are the greatest in part III (thin film lubrication). Moreover, friction coefficient with 1% concentration of oleic acid is obviously larger than the other two conditions in part III. 5 shows the relationship between streaming potential and velocity. The absolute value of streaming potential increases as velocity increases. At the same speed, the greater the concentration of oleic acid is, the larger the absolute value of streaming potential is. This means that the effect of electric double layer is increased with increase of the concentration. 
CONCLUSIONS
Electric double layer has an obvious influence on thin film lubrication, to increase the equivalent viscosity of lubricant. Appling an external electric field on friction pair or adding some additives such as oleic acid to base oil can significantly strengthen the effect of electric double layer.
